The pl3E-l1 probe has been shown to detect DNA rearrangements in sporadic and familial cases of FSHD. Its use, however, has been hampered by the fact that it detects at least two pairs ofEcoRI alleles, one derived from the 4q35 region (D4F104S1), the other from 1Oq26 (DlOF104S2). We have cloned pl3E-ll EcoRI fragments from the 4q35 and 1Oq26 subtelomeric regions and shown the presence of several restriction site differences within the KpnI tandem repeat units. The two loci present a different distribution of restriction sites for the enzyme BlnI which allows differential cleavage of the KpnI units derived from lOq26, leaving intact the 4q35 pair of alleles. This method of differential restriction greatly facilitates the interpretation of Southern blots obtained from affected and unaffected subjects, with an important improvement in reliability for diagnosis and genetic counselling. In addition, this method can be used to investigate the molecular mechanism of the 4q35 rearrangement implicated in the disease and to ascertain whether the rearrangement is because of interchromosomal exchange between 4qter and lOqter KpnI repeats.
Facioscapulohumeral muscular dystrophy (FSHD) is an autosomal dominant neuromuscular disorder which affects specific muscle groups and displays a variety of phenotypic expression. The gene for FSHD has been localised, by linkage studies, to chromosome 4q35 distal to the linkage group D4S171-F11-D4S163-D4S139.12 Wijmenga et a13 first described a new probe, p13E-11 (D4F104S1), telomeric to D4S 139, which detects polymorphic DNA fragments in normal subjects ranging from 30 kb to 300 kb, de novo DNA rearrangements less than 28 kb in sporadic FSHD patients, and similar "small" fragments in familial cases. Physical mapping studies have localised the pl3E-11 probe on 4q35, close to a highly polymorphic tandem repeat unit defined by 3-3 kb KpnI restriction fragments. 3 The most likely mechanism involved in the development of disease is a DNA rearrangement within the 4q35 locus resulting in deletion of a discrete number of tandem repeat KpnI units, with the appearance of smaller EcoRI fragments 10 to 28 kb in size. 4 The probe shows two polymorphic loci and a 9-5 kb Y specific fragment. By haplotype analysis one of the loci could be assigned to chromosome 4q355 whereas the other locus segregates with 1Oqter microsatellite markers.6 Unfortunately 4q35 and 1 Oqter p13E-11 alleles segregating in the same FSHD family sometimes overlap with each other on conventional agarose gel electrophoresis and make the interpretation of Southern blots difficult. In order to analyse the structural differences between the two pairs of p1 3E-1 1 alleles, we cloned the non-4q35 13 kb fragment segregating in a FSHD Italian family and a similar sized 4q35 fragment from a sporadic case of FSHD into a phage vector. 7 Haplotype analysis with (fig 4) . PFGE separation allows the te is a constant feature of identification of at least three types of larger unit. Therefore, we can alleles, in the range of 140 kb, 85 kb, and 45 kb, ible digestion of genomic but some bands appear to be doublets and mes EcoRI and BlnI, the one cannot assign these alleles with sufficient ived from 4q35 will be precision to either one of the chromosomes. e distance between the 5 Digestion with BlnI ( fig 3, panel B 5) . The blurred pattern at the top of the gel resulting from superimposition of larger multiple alleles disappears, while the small rearranged band running ahead in the gel is better defined than that observed after EcoRI digestion. As shown in fig 5A rearranged 4q35 alleles of 17, 23, and 26 kb become shorter, producing fragments of 14, 20, and 23 kb respectively. The reduction in size is compatible with the 3 kb predicted by restriction analysis of phage clones, but this change cannot be determined with accuracy in the upper portion of the gel. In panel B, double EcoRI-BlnI digestion of genomic DNA from an affected subject results in the cleavage of the 27 kb 1 Oqter allele, while the 4q35 large allele is preserved and the small 17 kb allele is changed into a 14 kb allele. In panel C, the p 13E-1 1 pattern of a normal female displays a mixture of large and small alleles that cannot be interpreted after EcoRI digestion. 62 kb deletion occurring on one of the two 4q35 alleles of subject A as the chromosomal cause of disease development.
unaffected mother (C) of the proband (A) and shows the same electrophoretic mobility of the rearranged 4q35 fragment transmitted from the affected father (B). The affected subject (A) appears to be homozygous for the fragment (see the double intensity of the signal) and this would prevent any prediction based on p1 3E-11 hybridisation pattern in the case of fetal DNA analysis. EcoRI-BlnI digestion cleaves the 23 kb allele derived from 1Oqter and only the 23 kb 4q35 fragments related to disease are preserved, allowing an unequivocal interpretation in the case of prenatal diagnosis.
In conclusion, the conversion of p1 3E-11 hybridisation pattern to a single pair of 4q35 alleles implies a marked improvement in the interpretation of the results, advantageous for diagnostic and genetic counselling accuracy.
Discussion
The use of p1 3E-1 1 for the diagnosis of FSHD found its specific application in the case of sporadic FSHD patients. The appearance of a small p1 3E-1 1 fragment in the proband, in the absence of any rearrangement in the unaffected parents, provided convincing evidence for a strict correlation between 4q35 rearrangements and the development of disease. In the familial cases, the results are not always reliable owing to the segregation within the same family of small fragments of different chromosomal origin (lOqter mainly) in at least 10% of the world population. After cloning, restriction mapping, and partial sequencing of KpnI repeat units derived from the 1 Oqter region, a major diagnostic breakthrough was achieved by differential BlnI restriction of genomic DNA derived from affected subjects: the p1 3E-1 1 hybridisation pattern is changed from two loci (four alleles) to one locus (two alleles) with the removal of 1 Oqter alleles interfering with the 4q35 disease related fragments. After double digestion with EcoRI and BlnI one can assume that the alleles migrating in the gel are exclusively 4q35 specific and the small allele undergoing a constant reduction in size (3 kb) is the rearranged fragment correlated with the disease. Differential BlnI restriction can also be applied to investigate the molecular mechanism of the 4q35 rearrangements. Since we did not find, in any of the subjects examined, a size reduction larger than 3 kb, we can exclude that the DNA rearrangements are the result of cryptic translocations of 1Oqter sequences on the tip of chromosome 4. If this were the case, the size reduction would be increased proportionately to the number of 1 Oqter KpnI units present in the hybrid rearrangement 
